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1. Introduction
The work item on enhanced FD MIMO was approved in the 3GPP RAN#71 meeting [1]. Enhancement of CSI feedback for MU-MIMO is included in the objective of this work item:
· As second priority, evaluate and, if needed, specify enhancement on CSI reporting based on non-precoded and beamformed CSI-RS to improve eNB precoding (such as new feedback methodologies in addition to codebook-based CSI feedback) and interference measurement to support efficient multi-user transmissions (e.g. further enabling interference estimation from NZP or ZP CSI-RS)
In 3GPP RAN1#85 meeting, it was agreed to specify advanced CSI reporting scheme:
· Specify enhancement on CSI reporting to improve eNB precoding. The specified enhancement is to be selected from the following categories:

· Enhancements to Rel-13 feedback codebooks (FFS which numbers of antenna ports from the set {8, 12, 16, 20, 24, 28, 32}) that increase CSI resolution through improved beam selection / construction in W1 and/or improved beam/port selection / combining / weighting mechanisms in W2 

· Parameters representing channel coefficients, or some reduced space representation thereof including beam combining / weighting with coefficient quantisation or channel quantisation or channel covariance matrix quantisation

· Uplink physical channel enhancements to carry the representation of channel coefficients can be included if selected
· Also, interference measurement enhancement can be considered
In this contribution, several CSI reporting schemes will be briefly introduced together with simulation results. Moreover, interference measurement enhancement will also be discussed.
2. Discussion
2.1. Advanced CSI reporting
2.1.1 Explicit feedback

In order to maximize the performance of MU-MIMO transmission, explicit feedback with full channel coefficients reporting is the most promising. But in practice, it is infeasible due to its extremely large feedback overhead. A more prevalent way is to report principle eigenvector(s) over a certain frequency band, such as a subband. The number of reported eigenvectors depends on the supported transmission rank. 

Eigenvector report with different quantization assumptions is evaluated in this contribution. No quantization means perfect eigenvector report which could serve as a performance upper bound. With ‘16PSK’ and ‘32PSK’ quantization, the elements of eigenvector are quantized to constant modulus 16PSK and 32PSK elements, respectively.
The baseline for comparison is Class A codebook extended to 16 and 32 ports, respectively. The parameters of class A codebooks are N1 = 4, N2 = 4, O1 = 8, O2 = 4 for 32 ports and N1 = 4, N2 = 2, O1 = 8, O2 = 4 for 16 ports. Class A codebook config2 is used. Transmission scheme is MU-MIMO with dynamic SU/MU switching and the maximum number of co-scheduling UE is 8.
The results of eigenvector feedback of different quantization assumptions in 3D-UMa scenario and 3D-UMi scenario are summarized in Table 1 – Table 4. Significant gain of explicit feedback is observed under both FTP and full buffer traffic. The results also reveal that even with 4-bit constant modulus feedback, the gain is still remarkable. 
However, the feedback overhead would be a challenge for uplink control channel. Feedback for each subband would be: #bits per element * #elements * #rank = 5 x 32 x 1(2) =160(320) bits. For 10MHz system bandwidth with subband size of 6PRBs, there are 9 subbands, and the total feedback overhead would be 1440/2880 bits for rank = 1/2. 
Observation:
· Explicit feedback provides significant gain over class A codebook, and also incurs formidable feedback overhead.
Table 1: Performance of FD-MIMO, FTP traffic, 
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=4.5, 3D-UMa-200 scenario
	Configuration
	5% UPT  (Mbps)
	5% UPT Gain
	50% UPT (Mbps)
	50% UPT Gain
	Mean UPT (Mbps)
	Mean UPT Gain
	RU

	Class A
	Config2
	16 ports
	7.11 
	0.0%
	22.12 
	0.0%
	25.77 
	0.0%
	48%

	
	
	32 ports
	8.97 
	0.0%
	26.37 
	0.0%
	29.41 
	0.0%
	42%

	Explicit feedback
	No-Quantization
	16 ports
	10.44 
	46.8%
	28.10 
	27.0%
	31.78 
	23.3%
	39%

	
	
	32 ports
	12.29 
	37.0%
	29.81 
	13.0%
	34.52 
	17.4%
	36%

	
	32PSK
	16 ports
	9.52 
	33.9%
	26.37 
	19.2%
	29.92 
	16.1%
	42%

	
	
	32 ports
	11.42 
	27.3%
	29.30 
	11.1%
	32.82 
	11.6%
	38%

	
	16PSK
	16 ports
	9.29 
	30.7%
	26.17 
	18.3%
	29.82 
	15.7%
	42%

	
	
	32 ports
	10.88 
	21.4%
	29.04 
	10.1%
	32.41 
	10.2%
	39%


Table 2: Performance of FD MIMO, full buffer traffic, 3D-UMa-200 scenario
	Configuration
	Cell edge user SE (bps/Hz/user)
	Gain on cell edge user SE
	Cell average SE (bps/Hz)
	Gain on cell average SE

	Class A
	Config2
	16 ports
	0.080 
	0.0%
	3.77 
	0.0%

	
	
	32 ports
	0.098 
	0.0%
	4.71 
	0.0%

	Explicit feedback
	No-Quantization
	16 ports
	0.169 
	111.2%
	6.74 
	78.7%

	
	
	32 ports
	0.221 
	126.7%
	8.38 
	77.9%

	
	32PSK
	16 ports
	0.141 
	76.9%
	5.48 
	45.2%

	
	
	32 ports
	0.185 
	90.0%
	6.96 
	47.8%

	
	16PSK
	16 ports
	0.139 
	74.1%
	5.38 
	42.6%

	
	
	32 ports
	0.184 
	88.3%
	6.87 
	45.9%


Table 3: Performance of FD-MIMO, FTP traffic, 
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=4.5, 3D-UMi scenario
	Configuration
	5% UPT  (Mbps)
	5% UPT Gain
	50% UPT (Mbps)
	50% UPT Gain
	Mean UPT (Mbps)
	Mean UPT Gain
	RU

	Class A
	Config2
	16 ports
	6.59 
	0.0%
	22.26 
	0.0%
	26.27 
	0.0%
	49%

	
	
	32 ports
	8.55 
	0.0%
	26.37 
	0.0%
	29.75 
	0.0%
	43%

	Explicit feedback
	No-Quantization
	16 ports
	10.30 
	56.2%
	28.81 
	29.4%
	32.35 
	23.2%
	40%

	
	
	32 ports
	12.53 
	46.6%
	31.17 
	18.2%
	35.67 
	19.9%
	35%

	
	32PSK
	16 ports
	9.07 
	37.6%
	27.21 
	22.2%
	30.86 
	17.5%
	42%

	
	
	32 ports
	11.86 
	38.8%
	30.08 
	14.0%
	34.89 
	17.3%
	37%

	
	16PSK
	16 ports
	9.09 
	38.0%
	27.00 
	21.3%
	30.60 
	16.5%
	42%

	
	
	32 ports
	11.31 
	32.4%
	29.81 
	13.0%
	34.67 
	16.6%
	36%


Table 4: Performance of FD MIMO, full buffer traffic, 3D-UMi scenario
	Configuration
	Cell edge user SE (bps/Hz/user)
	Gain on cell edge user SE
	Cell average SE (bps/Hz)
	Gain on cell average SE

	Class A
	Config2
	16 ports
	0.068 
	0.0%
	3.75 
	0.0%

	
	
	32 ports
	0.083 
	0.0%
	4.63 
	0.0%

	Explicit feedback
	No-Quantization
	16 ports
	0.168 
	148.1%
	7.34 
	96.0%

	
	
	32 ports
	0.230 
	176.9%
	9.38 
	102.5%

	
	32PSK
	16 ports
	0.136 
	100.5%
	5.73 
	52.8%

	
	
	32 ports
	0.187 
	125.4%
	7.41 
	60.0%

	
	16PSK
	16 ports
	0.133 
	96.6%
	5.61 
	49.8%

	
	
	32 ports
	0.184 
	122.0%
	7.30 
	57.7%


2.1.2 Reduced space explicit feedback

In order to reduce the feedback overhead, the eigenvector could be compressed by expressing on a new set of orthonormal basis. For 2D antenna array, a natural choice would be 2D DFT basis. It is expected that the coefficients of the eigenvector on the 2D DFT basis would be sparse. A proper 2D DFT basis could be constructed as following.
The first step is to find the strongest beam from a set of oversampled 2D DFT beams. Assume the number of antenna ports in the first and second dimension of one polarization is 
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, respectively. Oversampling factors 
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 could be used to produce the oversampled 2D DFT beams:
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The strongest beam for the first polarization could be found by
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where 
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is the correlation matrix of channel of the first polarization over a subband or over the system bandwidth. Similarly the strongest beam for the second polarization could be calculated as 
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For simplicity and lower feedback overhead, the strongest beam for the two polarizations could be made same:
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The second step is to select DFT vectors orthogonal to the strongest beam from the oversampled 2D DFT beams, and to construct the orthonormal basis as:
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where 
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 is the orthonormal basis for the first polarization, and 
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is the DFT vector of the strongest beam, and 
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is the orthonormal basis for the second polarization, 
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is the DFT vector of the strongest beam. In the following we assume 
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, and then we have 
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, i.e., the two polarizations use the same set of orthonormal basis.
The eigenvector 
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 is expressed on the orthonormal basis with coefficients
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Reporting all coefficients in 
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is equivalent to reporting 
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 itself. But due to its sparse nature, most of the coefficients in 
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 will be relatively small compared to those dominant elements. It is expected that omitting these elements will only lead to small error. Therefore, a subset of the elements in 
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 is selected to reduce feedback overhead. Selecting elements in 
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 is equivalent to selecting DFT beams in 
[image: image28.wmf]1

D

. Selecting one beam in 
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will result in two elements in 
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, one for each polarization. Denote the number of selected beams as N, and 2N is much smaller than 
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. Those N beams could be selected over the system bandwidth or over a subband. For CSI reporting, the coefficients of the selected beams for each subband as well as the indexes of the selected beams are reported. 
The following are results of the scheme with different number of N. In the simulation, the coefficients are not quantized. The results show that reduced space explicit feedback with N = 2 is able to provide significant over class A codebook. With more coefficients reporting, additional gain can be observed. It is noted that with N = 1, there is performance loss under FTP traffic. The reason is that, with a single beam, it is difficult to express two eigenvectors for rank = 2, and the probability of rank = 2 is much higher under FTP traffic of the given traffic load than under full buffer traffic.
Observation:
· Reduced space explicit feedback with ideal quantization provides significant gain over class A codebook, and its performance with practical quantization needs further study.
Table 5: Performance of FD-MIMO, FTP traffic, 
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=4.5, 3D-UMa-200 scenario
	Configuration
	5% UPT  (Mbps)
	5% UPT Gain
	50% UPT (Mbps)
	50% UPT Gain
	Mean UPT (Mbps)
	Mean UPT Gain
	RU

	Class A
	Config2
	16 ports
	7.11 
	0.0%
	22.12 
	0.0%
	25.77 
	0.0%
	48%

	
	
	32 ports
	8.97 
	0.0%
	26.37 
	0.0%
	29.41 
	0.0%
	42%

	Reduced space explicit feedback
	N = 1
	16 ports
	7.02 
	-1.3%
	20.41 
	-7.7%
	20.31 
	-21.2%
	52%

	
	
	32 ports
	9.82 
	9.5%
	24.67 
	-6.5%
	23.03 
	-21.7%
	48%

	
	N = 2
	16 ports
	8.29 
	16.6%
	22.86 
	3.3%
	25.99 
	0.8%
	47%

	
	
	32 ports
	10.71 
	19.5%
	27.21 
	3.2%
	30.36 
	3.2%
	40%

	
	N = 4
	16 ports
	10.23 
	43.8%
	27.21 
	23.0%
	30.81 
	19.5%
	41%

	
	
	32 ports
	11.47 
	27.9%
	29.30 
	11.1%
	32.77 
	11.4%
	38%


Table 6: Performance of FD MIMO, full buffer traffic, 3D-UMa-200 scenario
	Configuration
	Cell edge user SE (bps/Hz/user)
	Gain on cell edge user SE
	Cell average SE (bps/Hz)
	Gain on cell average SE

	Class A
	Config2
	16 ports
	0.080 
	0.0%
	3.77 
	0.0%

	
	
	32 ports
	0.098 
	0.0%
	4.71 
	0.0%

	Reduced space explicit feedback
	N = 1
	16 ports
	0.107 
	34.2%
	4.30 
	14.0%

	
	
	32 ports
	0.139 
	42.0%
	5.47 
	16.1%

	
	N = 2
	16 ports
	0.123 
	53.7%
	4.72 
	25.1%

	
	
	32 ports
	0.164 
	67.8%
	6.36 
	35.0%

	
	N = 4
	16 ports
	0.151 
	89.4%
	6.01 
	59.3%

	
	
	32 ports
	0.192 
	96.5%
	7.21 
	53.1%


Table 7: Performance of FD-MIMO, FTP traffic, 
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=4.5, 3D-UMi scenario
	Configuration
	5% UPT  (Mbps)
	5% UPT Gain
	50% UPT (Mbps)
	50% UPT Gain
	Mean UPT (Mbps)
	Mean UPT Gain
	RU

	Class A
	Config2
	16 ports
	6.59 
	0.0%
	22.26 
	0.0%
	26.27 
	0.0%
	49%

	
	
	32 ports
	8.55 
	0.0%
	26.37 
	0.0%
	29.75 
	0.0%
	43%

	Reduced space explicit feedback
	N = 1
	16 ports
	6.22 
	-5.6%
	19.82 
	-11.0%
	20.18 
	-23.2%
	54%

	
	
	32 ports
	9.37 
	9.7%
	24.84 
	-5.8%
	23.45 
	-21.2%
	47%

	
	N = 2
	16 ports
	7.85 
	19.1%
	23.32 
	4.8%
	26.85 
	2.2%
	46%

	
	
	32 ports
	10.15 
	18.8%
	28.10 
	6.6%
	31.07 
	4.5%
	40%

	
	N = 4
	16 ports
	9.27 
	40.6%
	27.87 
	25.2%
	31.21 
	18.8%
	41%

	
	
	32 ports
	11.43 
	33.7%
	29.81 
	13.0%
	34.27 
	15.2%
	37%


Table 8: Performance of FD MIMO, full buffer traffic, 3D-UMi scenario
	Configuration
	Cell edge user SE (bps/Hz/user)
	Gain on cell edge user SE
	Cell average SE (bps/Hz)
	Gain on cell average SE

	Class A
	Config2
	16 ports
	0.068 
	0.0%
	3.75 
	0.0%

	
	
	32 ports
	0.083 
	0.0%
	4.63 
	0.0%

	Reduced space explicit feedback
	N = 1
	16 ports
	0.099 
	46.4%
	4.32 
	15.2%

	
	
	32 ports
	0.130 
	57.1%
	5.57 
	20.3%

	
	N = 2
	16 ports
	0.114 
	68.1%
	4.82 
	28.5%

	
	
	32 ports
	0.154 
	85.7%
	6.49 
	40.2%

	
	N = 4
	16 ports
	0.148 
	117.6%
	6.33 
	68.9%

	
	
	32 ports
	0.190 
	129.1%
	7.63 
	64.7%


2.1.3 Linear combination codebook feedback

Linear combination (LC) codebook is a codebook based on the Rel-13 Class A codebook framework. The LC codebook is a multi-stage codebook: 
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· A beam combination vector 
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· A co-phasing factor
[image: image38.wmf]n
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The rank-1 precoder of LC codebook could be expressed as:

[image: image39.wmf](,)

12

kk

kn

nknk

aa

jj

éùéù

éù

===

êúêú

êú

ëû

ëûëû

cb

B0

WWW

cb

0B

                                          (8)
where 
[image: image40.wmf]kk

=

bBc

 , n = 0, 1, 2, 3 and 
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is normalization factor.

The rank-2 precoder of LC codebook could be expressed as
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where n = 0, 1.
LC codebook is evaluated and compared with class A codebook. Class A codebook config2, config3, and config 4 are evaluated. The results are shown in Table 9 – 12. In the simulation, a beam combination vector is selected for each subband, and the feedback overhead for each subband is 2 x 3 + 2 = 8 bits. From the results, it can be seen that LC codebook performs almost identical to class A codebook. 
Observation:
· Linear combination codebook is unable to show performance gain over class A codebook.
Table 9: Performance of FD-MIMO, FTP traffic, 
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=4.5, 3D-UMa-200 scenario
	Configuration
	5% UPT  (Mbps)
	5% UPT Gain
	50% UPT (Mbps)
	50% UPT Gain
	Mean UPT (Mbps)
	Mean UPT Gain
	RU

	Class A
	Config2
	16 ports
	7.11 
	0.00%
	22.12 
	0.00%
	25.77 
	0.00%
	48%

	
	
	32 ports
	8.97 
	0.00%
	26.37 
	0.00%
	29.41 
	0.00%
	42%

	
	Config3
	16 ports
	7.32 
	0.00%
	22.41 
	0.00%
	26.13 
	0.00%
	48%

	
	
	32 ports
	8.90 
	0.00%
	25.97 
	0.00%
	29.19 
	0.00%
	42%

	
	Config4
	16 ports
	6.83 
	0.00%
	21.98 
	0.00%
	25.74 
	0.00%
	48%

	
	
	32 ports
	8.42 
	0.00%
	25.40 
	0.00%
	28.50 
	0.00%
	44%

	LC codebook
	Config2
	16 ports
	7.03 
	-1.20%
	22.37 
	1.13%
	26.32 
	2.13%
	48%

	
	
	32 ports
	8.82 
	-1.61%
	26.37 
	0.00%
	29.67 
	0.88%
	42%

	
	Config3
	16 ports
	7.27 
	-0.67%
	22.56 
	0.67%
	26.42 
	1.11%
	47%

	
	
	32 ports
	8.66 
	-2.70%
	25.59 
	-1.49%
	28.91 
	-0.96%
	43%

	
	Config4
	16 ports
	6.88 
	0.82%
	21.70 
	-1.27%
	25.60 
	-0.55%
	48%

	
	
	32 ports
	8.93 
	6.07%
	25.78 
	1.50%
	29.07 
	2.01%
	43%


Table 10: Performance of FD MIMO, full buffer traffic, 3D-UMa-200 scenario
	Configuration
	Cell edge user SE (bps/Hz/user)
	Gain on cell edge user SE
	Cell average SE (bps/Hz)
	Gain on cell average SE

	Class A
	Config2
	16 ports
	0.080 
	0.00%
	3.77 
	0.00%

	
	
	32 ports
	0.098 
	0.00%
	4.71 
	0.00%

	
	Config3
	16 ports
	0.079 
	0.00%
	3.74 
	0.00%

	
	
	32 ports
	0.095 
	0.00%
	4.66 
	0.00%

	
	Config4
	16 ports
	0.077 
	0.00%
	3.71 
	0.00%

	
	
	32 ports
	0.095 
	0.00%
	4.62 
	0.00%

	LC codebook
	Config2
	16 ports
	0.079 
	-0.51%
	3.78 
	0.20%

	
	
	32 ports
	0.099 
	1.75%
	4.73 
	0.43%

	
	Config3
	16 ports
	0.079 
	0.00%
	3.74 
	0.00%

	
	
	32 ports
	0.098 
	2.34%
	4.64 
	-0.53%

	
	Config4
	16 ports
	0.079 
	1.54%
	3.69 
	-0.60%

	
	
	32 ports
	0.095 
	-0.39%
	4.61 
	-0.33%


Table 11: Performance of FD-MIMO, FTP traffic, 
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=4.5, 3D-UMi scenario
	Configuration
	5% UPT  (Mbps)
	5% UPT Gain
	50% UPT (Mbps)
	50% UPT Gain
	Mean UPT (Mbps)
	Mean UPT Gain
	RU

	Class A
	Config2
	16 ports
	6.59 
	0.00%
	22.26 
	0.00%
	26.27 
	0.00%
	49%

	
	
	32 ports
	8.55 
	0.00%
	26.37 
	0.00%
	29.75 
	0.00%
	43%

	
	Config3
	16 ports
	6.80 
	0.00%
	22.71 
	0.00%
	26.69 
	0.00%
	48%

	
	
	32 ports
	9.00 
	0.00%
	27.30 
	0.00%
	30.58 
	0.00%
	41%

	
	Config4
	16 ports
	6.61 
	0.00%
	22.41 
	0.00%
	26.30 
	0.00%
	49%

	
	
	32 ports
	8.33 
	0.00%
	26.37 
	0.00%
	29.67 
	0.00%
	43%

	LC codebook
	Config2
	16 ports
	6.47 
	-1.75%
	22.41 
	0.65%
	26.60 
	1.25%
	49%

	
	
	32 ports
	9.42 
	10.22%
	28.10 
	6.56%
	31.32 
	5.30%
	41%

	
	Config3
	16 ports
	6.61 
	-2.89%
	22.41 
	-1.31%
	26.61 
	-0.31%
	48%

	
	
	32 ports
	8.51 
	-5.45%
	27.43 
	0.49%
	30.68 
	0.34%
	42%

	
	Config4
	16 ports
	6.41 
	-3.11%
	21.70 
	-3.16%
	25.89 
	-1.57%
	50%

	
	
	32 ports
	8.21 
	-1.44%
	25.78 
	-2.26%
	29.36 
	-1.04%
	44%


Table 12: Performance of FD MIMO, full buffer traffic, 3D-UMi scenario
	Configuration
	Cell edge user SE (bps/Hz/user)
	Gain on cell edge user SE
	Cell average SE (bps/Hz)
	Gain on cell average SE

	Class A
	Config2
	16 ports
	0.068 
	0.00%
	3.75 
	0.00%

	
	
	32 ports
	0.083 
	0.00%
	4.63 
	0.00%

	
	Config3
	16 ports
	0.067 
	0.00%
	3.71 
	0.00%

	
	
	32 ports
	0.083 
	0.00%
	4.59 
	0.00%

	
	Config4
	16 ports
	0.066 
	0.00%
	3.69 
	0.00%

	
	
	32 ports
	0.082 
	0.00%
	4.56 
	0.00%

	LC codebook
	Config2
	16 ports
	0.069 
	2.05%
	3.76 
	0.43%

	
	
	32 ports
	0.086 
	3.20%
	4.66 
	0.71%

	
	Config3
	16 ports
	0.067 
	0.49%
	3.70 
	-0.19%

	
	
	32 ports
	0.084 
	2.16%
	4.58 
	-0.20%

	
	Config4
	16 ports
	0.066 
	0.37%
	3.67 
	-0.57%

	
	
	32 ports
	0.084 
	1.57%
	4.55 
	-0.17%


2.2. Interference measurement enhancement

In our previous contribution [2], interference measurement enhancement based on eNB emulation was discussed. 
For eNB emulation of intra-cell multi-user interference, CSI-IM has to be UE-specifically configured, and for each intra-cell interference hypothesis a dedicated CSI-IM is needed. With large number of UEs in a cell, CSI-IM alone will cost a great amount of system resources. 
Aperiodic CSI-IM can be considered to reduce system overhead. A UE is configured with M (M >= 1) CSI-IM configurations, but it does not update interference measurement unless a dynamic signaling is received. In other words, UE assumes the configured CSI-IM is not present unless dynamically signalled by the eNB. If M > 1, dynamic signaling also needs to indicate UE on which CSI-IM the UE shall measure interference. By this way, a CSI-IM could be shared among multiple UEs by time domain multiplexing. When a measurement is triggered for a UE, eNB transmits emulated interference signal on the indicated CSI-IM aligned with desired intra-cell interference hypothesis. An example with M = 1 is given in Figure 1. Two UEs share one RRC configured CSI-IM. At an instance of CSI-IM, UE1 or UE2 is triggered to measure interference. It is also possible that both UE1 and UE2 are triggered if the intra-cell interference hypothesis needs to be measured by the two UEs happens to be the same. When none of the UE is triggered, the CSI-IM is not present and the CSI-IM REs could be used for data transmission. 
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Figure 1: CSI-IM shared between two UEs
An example with M = 4 can be found in Figure 2. Four CSI-IMs are configured for a UE by RRC signaling, and at each measuring instance, one of the CSI-IM is selected and indicated to the UE. 
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Figure 2: CSI-IM configuration for interference measurement
Proposal:
· Aperiodic CSI-IM should be supported to facilitate eNB emulation of intra-cell interference.
· A UE is configured with M (M >= 1) CSI-IM and eNB sends dynamic signaling to trigger UE measurement.

· If M > 1, dynamic signaling also needs to indicate UE on which CSI-IM the UE shall measure interference.
3. Conclusions
In this contribution, several advanced CSI reporting schemes are discussed and there corresponding system evaluation results are also provided. Based on the discussion and evaluation, we have the following observations:
· Explicit feedback provides significant gain over class A codebook, and also incurs formidable feedback overhead.
· Reduced space explicit feedback with ideal quantization provides significant gain over class A codebook, and its performance with practical quantization needs further study.
· Linear combination codebook is unable to show performance gain over class A codebook.

Interference measurement enhancement is also briefly discussed, and the following proposal is given:

Proposal:
· Aperiodic CSI-IM should be supported to facilitate eNB emulation of intra-cell interference.
· A UE is configured with M (M >= 1) CSI-IM and eNB sends dynamic signaling to trigger UE measurement.

If M > 1, dynamic signaling also needs to indicate UE on which CSI-IM the UE shall measure interference.
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4. Appendix

Table A1: Evaluation assumptions
	Parameter
	Value

	Antenna configuration
	Horizontal:  8 elements, X-pol (+/-45),  0.5λ space

Vertical: 8 elements, 0. 8
[image: image47.wmf]l

space

	Scenario
	3D-UMi with 200m ISD, and 3D-UMa with 200m ISD

	System bandwidth
	10MHz (50RBs)

	Carrier frequency
	2GHz

	UEs per cell
	10 for full buffer

	UE  distribution
	Follows 36.873 3D-UMa, 3D-UMi

	UE speed
	3km/h

	Model of cross polarization
	36.814

	Traffic model
	Full buffer, FTP model 1, Lamda=4.5

	Scheduling algorithm
	PF

	Receiver
	Realistic channel estimation

	
	MMSE-IRC receiver

	HARQ 
	Max 4 transmissions

	PMI/CQI feedback granularity
	Subband (6 PRBs per subband)

	PMI/CQI feedback periodicity
	10ms

	RI feedback periodicity
	120ms

	Transmission scheme
	SU/MU dynamic switching, maximum 8 UEs for MU 

	Wrapping  method
	Geographical  distance based

	Handover margin
	3 dB
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